The problem of determining gas exchange rates from flow system data under nonsteady state conditions is analyzed. A correction factor is presenlted for obtaining constant rates under nonsteady state conditions. A general formula for obtaining any rate under nonsteady state conditions is also given. Turnover time is defined and discussed in terms of the mathematics presented. The origins of nonsteady states and steady states in flow systems are discussed, as are some of the experimental advantages of working under nonsteadv state conditions.
The study of gas exchange of plants and plant parts has been largely conducted by postharvest physiologists studying fruit respiration and by biochemists, ecologists, and physiologists studying photosynthesis. There have been and are many similarities in the gasometric methods used by these various researchers. The use of flow systems is one case in point.
In a flow system, tissue is enclosed in a container and air or a modified atmosphere is passed through the container at a known rate. One of the principal advantages of a flow system over the older manometric and volumetric techniques is the ability to closely control the composition of the atmosphere surrounding the tissue. Volume, pressure, flow rate, and usually temperature are constant, and changes in the composition of the gas stream with time are related to the activities of the living tissue. Summaries of the methods for monitoring such changes along with much practical advice and standard operating procedures for some types of flow systems are available (1, 14) . Surprisingly 
EXPERIMENTAL
The flow system used to obtain the experimental data presented in this paper was assembled in a 30 C room. The cotton explant of the standard abscission bioassay was the subject under investigation. Explants prepared in the standard fashion (15) were placed in chambers through which CO2-and ETH'-free air flowed. Explant chambers were wrapped with foil to exclude light. After the insertion of the explants, the chambers were immediately flushed with a rapid stream of the desired atmosphere. The time at which the experimental flow rate was established was taken as the beginning point (t = 0) for the rate data. At t = 0 the amount of CO2 and ETH present equalled zero to the precision of our instrumentation. The time between explant cutting and t = 0 was minimized. Gas samples were withdrawn from the chambers with hypodermic syringes for chromatographic determination of CO2 and ETH concentrations. The CO2 concentrations determined in these experiments were between 0.05 and 0.5%, whereas the ETH determinations were between 2 and 70 nl/l. The maximum error in any measurement is estimated to be 10%; however, the great majority of measurements are accurate to within 3 to 6%.
This flow system was primarily designed to allow measurements of instantaneous rates of CO2 and ETH production at any point during the abscission process. The need to have the explants free standing, far enough apart for individual treatment, and easily and rapidly accessible for testing or treatment necessitated a relatively large free volume in the chambers. Volumes ranged from 110 to 120 ml in these experiments. The amount of tissue involved was small (twenty explants averaging 1.45 g in total weight) and detection of even a relatively high rate of gas production by this amount of tissue would require a slow flow rate. A maximum flow rate of only 60 ml/hr could be used to detect and measure the lowest critical rates in this system. Large free volume and slow flow rates make this system ideal for the application of nonsteady state techniques (see below). (Fig. 2) . To obtain instantaneous rates of gas exchange under nonsteady state conditions we will consider the differential equation applicable to the type of flow system described above.
dt~100 V where C(t) is the amount and %C(t) is the concentration of the gas under consideration in the chamber at time t, R(t) is the net rate of gas exchange at time t, and V is the free volume of the chamber. This 
This formula could be especially useful in conjunction with continuous monitoring devices, when it is possible to obtain concentrations for any time. Figure 2 illustrates the application of equation 6 for wound ETH data. It 
